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Abstract 
Soil erosion is a major environmental problem worldwide. The effects of this problem are serious and require 
effective soil conservation to protect our land and water. The main aim of this study was to target the critical sub-
watersheds of an agricultural watershed and recommend effective soil conservation treatments to minimize sediment 
yield using a physical process based scale model, Soil and Water Assessment Tool (SWAT). The Lam-Sonthi 
watershed (357 km2) in central Thailand was selected for this study. The SWAT model was calibrated and validated 
using monitored time-series data (streamflow and sediment load) of the watershed from 1997 to 2002. The critical 
sub-watersheds were identified on the basis of average annual sediment yield. The study revealed that for the 
evaluation period the SWAT model satisfactorily predicts monthly streamflow and sediment load which was 
indicated by statistical means. The SWAT model identified approximately 40% of the entire watershed as serious soil 
erosion areas. Several soil conservation treatments were simulated for these critical areas, and the results revealed 
that the combination of reforestationand mulching was the most effective treatment in reducing sediment yields in 
the study watershed. This treatment was recommended to the watershed stakeholders. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Soil erosion is universally recognized as a serious global threat to environmental resources, with many 
landscapes across the globe having been adversely affected. In addition, human activities, e.g. logging, 
agriculture, construction, mining, and livestock grazing, can accelerate soil erosion in many ways. 
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Various soil conservation practices have been proposed to minimize sediment yield in various watersheds 
but the control of erosion is site-specific and practices that are effective at one watershed may not perform 
well at others. Simulating the impact of alternative soil conservation practices is complicated because it 
involves the detachment and movement of soil upland, after which soil particles are transported by 
streams and runoff into a watershed outlet. 
The main advantages of modeling soil erosion are that the models can simulate long-term values of 
sediment yields without the need for time-consuming and costly experiments. Moreover, models can be 
used to answer the “if-then” questions that are sometimes impossible to perform in the real world [1-2]. 
Erosion models have increasingly been attributed to the fast growth of both Geographic Information 
Systems (GISs) and computer technology. A number of models have been applied to investigate erosion 
problems in various regions around the world.  
The main aim of this study was to identify the critical areas and recommend effective soil 
conservation treatments to minimize sediment yield in an agricultural watershed using a physical process 
based watershed scale model, Soil and Water Assessment Tool (SWAT). 
2. Methods 
2.1 The Study watershed 
The Lam Sonthi River Watershed (357 km2) is located in central Thailand (Fig. 1). The topography is 
mountainous with steep slopes running along both sides of the start of the watershed, while the middle 
and lower portions are quite flat. The climate is tropical, with the wet season running from May to 
October and the dry season from November to April. The mean annual precipitation of the area is 1134 
mm and the mean annual temperature range is between 19.2 and 35.8 qC. Types of land use in the 
watershed include agriculture, forest cover, villages and bodies of water. Agriculture accounts for 40% of 
land use in the area, with maize, fruit trees and rice being the most commonly grown crops. Forest covers 
approximately 59% of the watershed: 30% dense forest and 29% deciduous forest. The remaining 1% of 
land is made up of villages and bodies of water. 
Fig. 1. Area of study - Lam Sonthi River Watershed, Thailand 
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2.2 The SWAT model 
The major components of SWAT are climate, hydrology, erosion, land cover/plant growth, nutrients, 
pesticides, and land management [3]. The SWAT was used to simulate the hydrologic processes of the 
study watershed. The processes are calculated based on the water balance equation:      
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Where St is the final soil water content (mm), S0 is the initial soil water content (mm), t is the time 
(days), Rday is the amount of precipitation on day i (mm), Qsurf is the amount of surface runoff on day i
(mm), Ea is the amount of evapotranspiration on day i (mm), wseep is the amount of percolation and bypass 
flow exiting the soil profile bottom on day i (mm), and Qgw is the amount of return flow/baseflow on day i
(mm). 
Surface runoff volume is calculated by using a modification of the SCS curve number approach. Peak 
runoff is computed by a modification of the rational method. Runoff routing in the channel is estimated 
by the Muskingum routing method. SWAT offers three options for estimating potential 
evapotranspiration (PET): Penman-Monteith, Priestley-Taylor, and Hargreaves method.  
Soil erosion in SWAT is calculated using a Modified Universal Soil Loss Equation (MUSLE)[4]. This 
model was modified by replacing the rainfall factor used in USLE with runoff factor (both volume and 
peak flow). Sediment in SWAT is calculated using the following equation: 
  CFRGLSPCKareaqQsed  56.0hrupeaksurf8.11                             (2) 
Where sed is the sediment yield on a given day (metric tons), Qsur the surface runoff volume (mm/ha); 
qpeak the peak runoff rate (m3/s); areahru the area of HRU (ha); K the soil erodibility factor (0.013 metric 
ton m2 hr/(m3-metric ton cm)); C the land cover and management factor; P support practice factor; LS the 
topographic factor; and CFRG the coarse fragment factor.  
The deposition process is based on fall velocity and the degradation process is a modification by 
Williams [5] of Bagnold’s stream power concept. Fall velocity is estimated as a function of particle 
diameter squared using Strokes Law. A full explanation of SWAT theories and structure is given by 
Neitsch et al.[ 3].    
2.3 Model setup 
The hydrologic module and the sediment module of SWAT were calibrated and validated using daily 
data including rainfall, maximum and minimum temperature collated between 1997 and 2002 as input. A 
dominant soil and land use type within each sub-watershed was used to develop soil and plant inputs to 
the SWAT model. Several kinds of crops such as maize, fruit trees and rice were assigned as vegetation 
input. The planting and harvest dates for these crops were also scheduled and used to build the SWAT 
management input file. The study area was delineated into sub-watersheds based on surface topography 
provided by a Digital Elevation Model (DEM), and the parameters of each of these were calculated using 
the SWAT. 
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2.4 Model performance indicators 
The coefficient of correlation (R2) and the Nash-Sutcliffe coefficient (Ens) [6] are used for test the 
linear relation between the measured data and the computed values by the model. Ens is determined as 
follows: 
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Where Qmes is the measured monthly discharge; Qsim the computed monthly discharge; and Qmean the 
average measured discharge. 
In this study, predicted monthly sediment loads were calibrated to match observed monthly sediment 
loads at the watershed outlet station and were deemed satisfactory if R2 reached above 0.6 and ENS > 0.5, 
as recommended by Santhi et al.[7].   
2.5 Model calibration and Validation 
The relevant model parameters were manually adjusted during the calibration period (1997-1999) and 
validation period (2000-2002) to within a range suggested by Neitsch et al.[3] and until the predicted 
value was reasonably in line with that which had been observed. Then model’s accuracy were evaluated 
by the staistic means (R2 and ENS). A more detailed overview of the SWAT calibrating procedure was 
given in Phomcha et al. [8] and Phomcha et al. [9]. 
2.6 Identifying Erosion Critical Source Areas 
In order to implement suitable soil conservation measures, critical source areas in the study watershed 
need to be identified. According to LDD, degrees of soil loss have been categorized into five major 
classes consisting of very slight (< 15 tons/ha/year), slight (15-30 tons/ha/year), moderate (31-90 
tons/ha/year), severe (91-125 tons/ha/year), and very severe (>125 tons/ha/year). For this study, sub-
watersheds which produced soil loss more than 91 tons/ha/year were identified as critical areas based on 
the average annual sediment yield during the period (between 1997 and 2002). During this determination, 
the variables of the calibration stage remained unchanged. After the simulation, the sediment yield values 
for each sub-watershed were obtained.  
2.7 Scenario Setup 
After identifying the critical erosion areas, several scenarios were developed and examined to 
determine their impact on sediment yields. These scenarios should be labor-saving and economical to 
ensure that the cost of soil conservation will be as low as possible. Therefore, vegetative measures such as 
mulching, strip cropping, contouring, etc. would be preferable to mechanical methods. In order to identify 
effective measures in the critical areas, some criteria had to be set up to meet the conditions. These are as 
follows: 
(1)  Forests and orchards are assumed to be maintained owing to the fact that most forests are 
protected, which inhibits logging or burning and orchards can be used to decrease sediment yield. 
(2) As in the discussion in previous researches [1, 10-11], cultivated land has a higher rate of 
sediment yield than other land uses, while forests have the lowest rate. Therefore, existing cropland with a 
slope larger than 10% in the study watershed will be converted into forestland. 
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According to the section on identifying critical erosion areas, this stage was achieved by adapting 
proper land use in the critical areas based upon the results of those land use simulations. There are seven 
scenarios as follows: 
x Scenario A: Reforestation (RF) based on topography 
The application of reforestation for the entire watershed is unrealistic; therefore, reforested land was 
expanded from the current situation, depending upon the topography of each sub-watershed. The current 
croplands with slope larger than 10% were converted into forest, whereas those sub-watersheds with a 
slope below 10 % remained intact. 
x Scenario B: Mulching (MU) 
This scenario represents the conditions for the simplest practice i.e. mulching. The sub-watersheds 
classed as severe and very severe were mulched with plant residues, throughout the year, both before and 
after harvesting. 
x Scenario C: Strip cropping (SC) 
This scenario applied strip cropping measures, meaning a natural strip of vegetation is planted across 
the slopes. As in scenario B (MU), this treatment was practiced only on areas classified as severe and 
very severe. 
x Scenario D: Mulching treatment (MU) and Strip cropping (SC) 
In this case, strip cropping operations were performed along the contour and crop residues were used 
as mulch between the strips throughout the critical areas.    
x Scenario E: Reforestation (RF) and Mulching treatment (MU) 
This scenario combined the treatments from scenario A (RF) and scenario B (MU) throughout the 
critical areas. 
x Scenario F: Reforestation (RF) and Strip cropping (SC) 
This scenario is similar to that of scenario E, but the mulching treatment was replaced with strip 
cropping throughout the critical areas. 
x Scenario G: Reforestation (RF), Mulching (MU) and Strip cropping (SC) 
In this practice, scenarios A, B, and C were combined and applied to the critical sub-watersheds. 
Reforestation was applied in sub-watersheds with slope over 10%, whereas MU and SC were 
incorporated and conducted on severe and very severe areas with slope lower 10%. 
The analyses of these scenarios for this study are summarized in Table 1. After the scenarios were 
modeled, the simulation results were also compared to the current situation (baseline) in order to achieve 
a better understanding of such changes on the sediment yield; then the effective soil conservation 
measures were recommended. 
3. Results and Discussions
3.1 Summary of Runoff and Sediment loads Calibration 
The hydrologic and sediment modules of the SWAT for the study watershed were calibrated and 
validated using the input data from 1997 to 2002 and the model was graphically and statistically 
evaluated. The results showed that most simulated flows and simulated sediment loads were graphically 
close to the observed values (Fig. 2 and Fig. 3). In addition, for statistical means, the values of both the 
correlation coefficient (R2) and Nash-Sutcliffe coefficient (ENS) were above 0.70 which is higher than the 
acceptable criteria of this study. These implied that the SWAT model can be applied for modeling 
alternative scenarios regarding management of soil erosion in the watershed. A complete detailed 
description of the model calibrations was given by Phomcha et al. [8] and Phomcha et al. [9], 
respectively.
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Table 1. Summary condition of scenario analyses 
Scenario Sub-watershed Application Treatment area (km2)
A 17, 19 and 20 Reforestation base on topography 27.3 
B 11, 13, 15, 16, 17, 19, 20, 
21, 24, 25 and 26 
Mulching 139.3 
C 11, 13, 15, 16, 17, 19, 20, 
21, 24, 25 and 26 
Strip cropping 139.3 
D 11, 13, 15, 16, 17, 19, 20, 
21, 24, 25 and 26 
Mulching and strip cropping 139.3 
E 11, 13, 15, 16, 17, 19, 20, 
21, 24, 25 and 26 
Reforestation and mulching 139.3 
F 11, 13, 15, 16, 17, 19, 20, 
21, 24, 25 and 26 
Reforestation and strip cropping 139.3 
G 11, 13, 15, 16, 17, 19, 20, 
21, 24, 25 and 26 
Reforestation, mulching and strip cropping 139.3 
3.2 Identifying Erosion Hazard Areas  
The results from the model simulation revealed that 16 out of the 27 sub-watersheds fell into the 
category of very low priority (< 15 tons/ha/year) which comprised 60% of the total area (Fig. 4). None of 
the sub-watersheds fell into low and medium priority classes, and only one sub-watershed was 
categorized as high priority (sub-watershed No. 11). Nonetheless, the model displayed that 10 sub-
watersheds fell into the very high priority class, which constituting approximately 39% of the entire 
watershed. Most of the sediments originated from agricultural land, particularly where corn is grown, 
located in lower portion of the watershed.  
3.3 Sediment Yield under Soil Conservation Scenarios 
The average sediment yields for the soil conservation practices over the six years of the simulations are 
presented in Table 2. The outputs showed that scenario G generated the lowest value of sediment yield 
(27.84 tons/ha/year), then scenario E (32.25 tons/ha/year), followed by scenario D (39.20 tons/ha/year), 
scenario F (39.60 tons/ha/year), scenario A (41.86 tons/ha/year), scenario B (45.83 tons/ha/year), and 
scenario C (58.40 tons/ha/year). 
From the analysis, the results revealed that soil conservation practices used in each scenario could 
significantly reduce the annual sediment yield. This ranged from moderate to high, depending upon their 
treatments. Apparently, soil conservation practices such as reforestation of steep slopes, are very effective 
in reducing the sediment yield (scenario A). Moreover, for gently sloping land, the combination of 
mulching and strip cropping is also effective in decreasing sediments (scenario D). Additionally, 
reforestation on the existing hazard areas seemed to be the most effective in controlling sediment yield in 
the watershed. However, such practices may unacceptable to local farmers within the critical areas, which 
occupies 39% of the entire watershed. 
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a) Calibration (1997-1999) b) Validation (2000-2002) 
Fig. 2. Scatter plots of flow model calibration and validation 
a) Calibration (1997-1999)  b) Validation (2000-2002)  
Fig. 3. Scatter plot of sediment loads calibration and validation 
On the other hand, scenario G presents a more effective method for controlling upland erosion, than 
most of the other scenarios. Nevertheless, the combination of reforestation and mulching in scenario E 
may also be considered even though it can minimize the sediment yield by 7% less than in scenario G. 
Though scenario G represents a more effective method for controlling upland erosion than scenario E, the 
latter can be applied as an alternative approach in practical treatments for the study watershed. 
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Fig. 4. Erosion hazard areas at the Lam Sonthi watershed assessed by SWAT 
Table 2. Average sediment yield and percentage change in average sediment yield for the study watershed due to simulation of 
different scenarios by the SWAT 
Scenario Treatment Sediment yield  
(% reduction) 
Critical area 
(% reduction) 
A RF 33.4 29.1 
B MU 27.1 26.8 
C SC 7.10 8.90 
D MU+SC  37.6 28.3 
E RF+MU  48.7 32.8 
F RF+SC  37.0 23.2 
G RF+MU+SC  55.7 34.3 
4. Conclusions and Recommendations 
The SWAT model was used to evaluate different agricultural management strategies, in terms of 
predicted sediment yield, in the watershed. According to the applications of the SWAT model from the 
present study, the following conclusions can be drawn: 
1) The results indicated that, under the current land use situation, approximately 40% of the 
watershed fell into the serious soil erosion class and most of the sediments originated from agricultural 
land, particularly where corn is grown.  
2) Seven soil conservation practices have been identified by the SWAT model. Among the 
scenarios, the incorporated combination of reforestation, mulching and strip cropping was the most 
effective soil conservation practices in reducing sediment yields in the study watershed. However, for 
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practical reasons, conservation techniques such as combining reforestation based on topography and 
mulching are recommended to the watershed stakeholders. 
3) According to the findings of this study, some guidelines for soil conservation in the watershed 
have been proposed. First, residual plants should be mulched as much as possible after harvesting and 
current croplands should not be expanded. Second, conservation practices such as strip cropping should 
also be adopted on the existing cultivated land. Third, croplands with steep slopes are recommended for 
conversion into forests. 
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